Abstract High levels of major outdoor air pollutants have been documented in Lebanon, but their health effects remain unknown. The Beirut Air Pollution and Health Effects study aimed to determine the relationship between short-term variations in ambient concentrations of particulate matter (PM 10 and PM 2.5 ) and emergency hospital admissions in the city of Beirut, and whether susceptible groups are more greatly affected. An autoregressive Poisson model was used to evaluate the association between daily concentrations of particulate matter and respiratory and cardiovascular emergency hospital admissions after controlling for confounders. All variables were measured during 1 year from January 2012 to December 2012. Relative risks of admissions for respiratory and cardiovascular diseases were calculated for an increase in 10 μg.m With regard to susceptible groups, total respiratory admissions were associated with PM 2.5 and PM 10 within the same day in children (relative risk (RR), 1.013 and 1.014; 95 % confidence interval, 0.985-1.042 and 1.000-1.029 for PM 2.5 and PM 10 , respectively). Moreover, a nearly significant association was found between particles and total circulatory admissions for adults and elderly groups in the same day. These results are similar to other international studies. Therefore, air pollution control is expected to reduce the number of admissions of these diseases in Lebanon.
Introduction
Air pollution episodes have raised public health concerns since the beginning of the previous century. Air pollution disasters in the Meuse valley in 1930; in Donora, Pennsylvania, in 1948; and in London in 1952 have shown that extremely high levels of particulate-based smog can produce a large increase in the daily mortality rate.
Since the London pollution episodes, air pollution has been associated with an increase in mortality and hospital admissions for diseases of the respiratory system (Bell and Davis 2001; Bell et al. 2004) . During the past decades, many studies have shown that high concentrations of air pollutants, specifically particulate matter (PM), lead to an increase in hospital admissions for diseases of the respiratory and cardiovascular systems (Wislon et al. 2005; Fusco et al. 2001; Le Tertre et al. 2002; Hosseinpoora et al. 2005; Kassomenos et al. 2008) . Even low levels of air pollution are associated with negative health effects (Touloumi et al. 1996; Schwartz et al. 1996; Brunekreef and Holgate 2002) .
Although Lebanon is a highly polluted country (Farah et al. 2014a, b) , only the last decade has it experienced an increase in environmental investigations on air quality. These studies have covered a variety of issues related directly or indirectly to air pollution, such as the contribution of the transportation sector in greenhouse gas emissions (El-Fadel and Bou-Zeid 1999) and vehicle and emission sources in Beirut (El-Fadel and Hashisho 2000; Saliba et al. 2006) . Previous studies have even attempted to quantify the health effects of air pollution (Salameh et al. 2012 ), but limitations have been present.
We conducted the Beirut Air Pollution and Health Effects (BAPHE) study based on the findings of international and local studies and a validated methodology (Mrad Nakhlé et al. 2013 ). This study aimed to investigate the relationship between PM concentrations in the city of Beirut and daily emergency hospital admissions for diseases of the respiratory and cardiovascular systems. This study also aimed to determine how this relationship varied in susceptible groups.
Materials and methods
The data reported here are part of the BAPHE study, an eco-epidemiological time-series project aiming to quantify the short-term health effects of air pollution in Beirut (Mrad Nakhlé et al. 2013) . The relationship between daily levels of particulate matter PM 10 and PM 2.5 and emergency hospital admissions for respiratory and cardiovascular conditions was evaluated from January 2012 to December 2012. Potential confounders were taken into consideration. Because the data that were collected and analyzed for this study do not involve personal data, consent was not specifically obtained. Therefore, this project was reviewed and exempted by the ethics review board of each participating hospital.
Data (a) Study area
Beirut is located on the eastern coast of the Mediterranean Sea, covering an area of 20.8 km 2 , where 378,485 individuals live (Ministry of Public Health publications and MOPH 2010). Beirut is characterized by two hills, separated by a thalweg. Each hill is approximately 100 m above sea level. Both hills overlook the Mediterranean Sea from the north and west sides of the city. This complex and unusual topography with street canyons plays an important role in climate parameters, such as diversion of air masses and sunshine (Chelala, C. Transports routiers et pollution de l'air en NO2 dans Beyrouth Liban application du modèle street. PhD thesis 2008). Therefore, the sea allows dissipation of pollutants by winds along the coast, but the land-facing sides of the hills are sheltered from the dominant wind. Beirut exhibits variations in temperature between the center and the suburbs, which implies a change in pollution levels. Therefore, if conditions are adequate, inversion occurs, and pollutants are trapped. Finally, the main sources of pollution in Beirut are vehicle traffic, and industrial activity is not well developed in the surrounding city (Massoud et al. 2011) . (b) Air pollution and weather data Evaluation of air pollution data was conducted in two stages to determine if an epidemiological study would be informative. The first study covered the data collected between 2004 and 2005. The second study evaluated the quality of data extracted for the year 2012 and the possibility of using it in the BAPHE study.In Beirut, air pollutant data are collected by the Air Quality Research Unit (AQRU) network. This network has stations in the city of Beirut and has been operating since 2004. The main pollutants that are measured are NO 2 , PM 10 , PM 2.5 , and O 3 . Details for monitoring methods were developed in a previous study. The first phase of BAPHE analysis was for a period of 12 months and considered PM 10 and PM 2.5 as pollution indicators because NO 2 data were only available for 6 months, which is too short for a time series analysis. PM 10 and PM 2.5 were collected hourly, and we calculated daily averages from the closest monitoring site to the hospitals. In case of failure to collect data, the rule of 75 % was applied to calculate daily values; otherwise, values were missing. Missing values were replaced by the monthly average of the period. Quality assurance procedures and instructions were implemented in each step of the measurement's process.Several studies in the last decades have taken into account the effect of changes in the weather when modeling emergency hospital visits or hospital admissions (Wislon et al. 2005; Kassomenos et al. 2008; Zhang et al. 2011) . Therefore, we collected mean daily relative humidity, temperature, wind direction, and speed data from the AQRU surveillance station. Seasonality was also controlled in the time series model. (c) Hospital admissions data Because the health system is not computerized in Lebanon and to better estimate the health effects of PM 2.5 and PM 10 on health, we previously studied the quality of health data collected from Lebanese hospitals (Mrad Nakhlé et al. 2013) .Health data were extracted from emergency hospital admission registers of seven hospitals in Beirut by trained individuals. Seven of the nine eligible hospitals in Beirut were included. The selection of hospitals followed a procedure described in a previous study (Mrad Nakhlé et al. 2013) . Data on age, sex, date of admission, first diagnosis, final discharge diagnosis, treatment in the emergency room (ER), and whether patients had been admitted or transferred to other hospitals were obtained on a daily basis for selected symptoms. Several causes of emergency admissions are considered in the BAPHE study. In this study, we considered information on emergency hospital admissions for diseases of the respiratory (J00-J99) and cardiovascular (I00-I99) systems as per the Tenth Revision of the International Classification of Diseases from only six hospitals. Data from participating hospitals were reorganized to produce total daily hospital admissions in the diagnostic categories mentioned above.
(d) Data on potential confounders
In some previous studies, data on influenza epidemics or the daily number of hospital admissions for influenza were collected or considered (Katsouyanni et al. 1995; Wislon et al. 2005; Fusco et al. 2001) . We collected data on potential confounders, such as flu episodes, but we could not use them as a control because the diagnostic process in Lebanese hospitals does not allow for avoiding misclassification in the case of influenza. Therefore, we controlled for the flu season (December to January), but not for the number of flu/influenza admissions, while estimating the relative risk in our model. Daily pollen count was not collected because of the nonavailability of data. (e) Data analysis
Descriptive analysis was performed to present the quantitative variables (hospital admissions, level of pollutants, and environmental factors) as mean and standard deviation according to quarters, flu season, and day of the week. Additionally, Spearman's coefficient was calculated for the environmental variables to ensure that there was no correlation between them. Time series plots were created to identify possible trends and mediumterm variation throughout the year.
Distributed-lag model analysis was performed to study the association between hospital admissions for selected conditions (diseases of the respiratory and cardiovascular systems) and the level of pollutants at different lags, controlling for possible confounding factors, such as mean daily temperature, relative humidity, day of the week, and flu period. The generalized additive model was used under the distributed-lag model framework, where the dependent variable (Gasparrini and Armstrong 2013) , hospital admissions, was a count variable following a Poisson distribution. For the independent variables, a natural cubic spline with five degrees of freedom was used to account for seasonal variability. With regard to the air pollutant variables (PM 2.5 and PM 10 ), a basis function was used for the lagged variable, using a polynomial of the fourth degree (df=5), assuming that the relationship between the dependent variable and the predictor was linear.
No transformations were performed for the other covariates. Temperature and relative humidity were introduced in the model as continuous, whereas the variable of the day of the week was transformed into a binary variable, with two modalities being either weekday or weekend. Finally, the flu period was also a binary variable, where the period was defined between 1 December and 31 January inclusive.
The reference value for PM 2.5 concentrations was set at 25 μg.m −3 and that of PM 10 was 50 μg.m −3
. Relative risks (RRs) are shown as a 10-unit increase in PM from the reference. Analyses were performed using the R package, with the libraries MGCV, DLNM, and Splines.
Results

Characteristics of admissions
This first stage of the BAPHE study was conducted for 12 months (January 2012-December 2012). Approximately 80,000 patients visited the emergency department of six hospitals in Beirut during this study period. Among these, 11,534 were diagnosed with respiratory, circulatory, cerebrovascular, and allergic skin diseases. A total of 4016 patients were diagnosed with circulatory diseases and 6790 with respiratory symptoms. Table 1 shows the main characteristics of the p a t i e n t s c o n s i d e r e d i n t h e B A P H E s t u d y. Approximately 70 % of patients whose data were collected belonged to the age group younger than 65 years.
The daily number of emergency hospital admissions ranged from 3 to 46 admissions and from 2 to 24 admissions for respiratory and circulatory diseases, respectively ( Table 2 ). The daily mean number of emergency hospital admissions (±standard deviation) was 19 ±7 for respiratory admissions and 11±4 for circulatory admissions. From December to January and May to July, the daily number of admissions for respiratory disease was higher compared with that for the rest of the year (Figure 1) . The high level of respiratory admissions in the first period can be explained by the flu season, but the second increase can be attributed to air pollution and particles because there is no flu or epidemic season at this time of the year. Besides, the results of Farah et al. in 2014 (Farah et al. 2014a conform that PM 2,5 and PM 10 concentrations were higher in June and July 2012 compared with other periods of the year.
Characteristics of PM 10 and PM 2.5 and meteorological factors , respectively. During the study period, the mean daily temperature was 19.69°C and humidity was 52.05 %, reflecting the typical Mediterranean climate. Table 3 shows the Spearman correlation coefficients between air pollutants and meteorological variables. The correlation coefficient between PM 10 and PM 2.5 was high, suggesting that a large fraction of PM 10 contains fine particles, thus, having a large impact on health. Daily temperature and humidity were not significantly correlated with PM 10 and PM 2.5 . Table 4 shows the association between PM 10 , PM 2.5 , and the number of emergency admissions due to diseases of the respiratory and cardiovascular systems in a one-pollutant model. After controlling for long-term trends, the Bday of the week^effect, and confounding meteorological factors, we used the generalized additive model to estimate the exposure-response relationship. The response function was expressed in a relative risk (RR) scale with the corresponding 95 % confidence interval (95 % CI) for every 10-unit rise from reference in PM 10 and PM 2.5 (Gasparrini and Armstrong 2013) related to a change in the number of emergency hospital admissions. The results were classified by age to control for potential confounding and for different lags. Total respiratory admissions were significantly associated .032] for PM 2.5 on the same day. A nearly significant association was also observed after 6 days (at lag 6). Significant associations at lags 6 and 7 were also found between PM 10 and PM 2.5 and respiratory admissions in the adults group. The delayed lag effect obtained for this category could be because Lebanese patients might take a longer time before being hospitalized because of cultural factors and physicians' visits in private clinics. Cumulative exposure was addressed during data analysis, and no significant association was found before lag 6 and 7. RRs were 0.997 [95 % CI 0.986-1.008] and 1.008 [95 % CI 1.000-1.016] at lags 2 and 5, respectively.
Exposure-response relationships
In children, total respiratory admissions were associated with PM 2.5 and PM 10 concentrations. The RRs (95 % CIs) were 1.013 (0.985-1.042) and 1.014 (1.000-1.029) for PM 2.5 and PM 10 within the same day, respectively. This relation was almost significant for PM 2.5 .
RRs (95 % CIs) for diseases of the respiratory system in the elderly group were 1.036 (1.011-1.06) for PM 2.5 and 1.019 (1.006-1.032) for PM 10 . This result is consistent with international studies (Schwartz 1995; Martins et al. 2002; Chen et al. 2004) , which showed that elderly people (aged >65 years) are more sensitive to pollutants than young people.
Moreover, a nearly significant association was found between PM 10 and PM 2.5 and total circulatory admissions for the adults and elderly groups in the same day. For every increase in 10 μg.m −3 in daily mean levels of PM 2.5 and PM 10 , the RRs and 95 % CIs were 1.02 (0.993-1.037) and 1.0 (0.998-1.021) in the adults group and 1.02 (0.993-1.054) and 1.01 (0.989-1.022) in the elderly group.
Discussion
The BAPHE study has shown, for the first time in Lebanon, the short-term relationship between air pollution and emergency hospital admissions for respiratory and cardiovascular diseases. Previously, only a pilot CI confidence interval case-control study was conducted in two tertiary care hospitals. Additionally, cases exclusively consisted of patients diagnosed with chronic bronchitis by a pulmonologist and controls included individuals free of any respiratory signs or symptoms. Chronic bronchitis was significantly related to living close to a busy road (adjusted odds ratio 1.95, 95 % CI 1.31-2.89) and to a local power plant (adjusted odds ratio 1.62, 95 % CI 1.07-2.45). We took into account various factors when planning our study. First, potential participating hospitals were considered based on a selection criterion and on their ability to provide data. Our data collection and analysis methodology were centralized in one location and verified by three people, thus, providing homogeneity. Health and environmental data and information on confounders were collected following specification and predefined forms to ensure consistency. Second, our model considered the main confounders that could affect the study. Meteorological factors and periodic fluctuations in hospital admissions, such as flu season, were controlled. However, data were not available for pollen count, as reported in several international studies (Wordley et al. 1997; Wong et al. 1999; Hosseinpoora et al. 2005) , and this could represent a residual source of confounding due to asthma. The first phase of the study was short compared with other multicenter studies, but the mean daily admissions for respiratory and cardiovascular illnesses were relatively large for the study area.
Our findings are similar to those of in European countries and US cities (Le Tertre et al. 2002; Bell et al. 2004; Hosseinpoora et al. 2005; Kassomenos et al. 2008) . Our estimated short-term size effect of PM 10 for an increase of 10 μg.m −3 was 1.2 % in respiratory admissions, which falls within the range (0.8-3.4 %) reported by Dockery et al. (1993) . Our results are consistent with findings reported by Wong et al. 1999 and Schwartz 1995 on the association between air pollution and hospital admissions for respiratory diseases, especially for the elderly group. Anderson et al. (1995) showed a nonsignificant increase in respiratory diseases for all age groups. However, their analysis of the 65+ age group showed an important relative risk (RR=1.19) for respiratory diseases, which agrees with our results. Comparison with research conducted in 1999 in Birmingham (Wordley et al.) confirmed our results on the significant association between PM 10 and respiratory admissions. Moreover, Schwartz and Morris (1955) described a significant association between PM 10 and hospital admissions for cardiovascular diseases. Our study showed a relation between cardiovascular diseases and an increase in PM 10 concentrations, but this was not conclusive because it was barely significant, which is consistent with the results of a study conducted in Brisbane, Australia (Petroeschevsky et al. 2001) .
The significant short-term relationship found in children is consistent with the long-term results of a Dutch cohort study (Brauer et al. 2002) , an Austrian study on the effect of PM 10 and other pollutants on respiratory function in children (Horak et al. 2002) , the Swiss Study on Childhood Allergy and Respiratory Symptoms with Respect to Air Pollution, Climate and Pollen (BraunFahrlander et al. 1997) , and the International Study of Asthma and Allergies in Childhood in France (PenardMorand et al. 2005) .
The risk estimation attributed to PM 10 and PM 2.5 during the study period can be considered as an effect of particulate alone or combined effects of several pollutants. In the urban are of Beirut, only NO 2 and particulate matter exceed the standards recommended by the WHO. Therefore, we studied the effect of NO 2 in our model to confirm its role. We recalculated the RR by controlling for NO 2 levels over 6 months. The RR for emergency hospital admission did not change. However, the IC was slightly modified because of the power of the sample after integrating NO 2 in the model (Table 5) .
A significant delay (6 to 7 days) was observed between the increase in air pollution level and emergency hospital admission in the adults group, which is consistent with several international studies (Martins et al. 2002) . Moreover, we attempted to understand this delay and found that socioeconomic and cultural factors affect the time between the first symptoms of disease and seeking medical care in the ER. Lebanese people have relatively easy access to physicians in private clinics in the acute setting and can therefore be overlooked when analyzing only ER data. When their symptoms are severe, they are referred to hospitals for admission. Therefore, the entire process of hospital admissions is delayed, and the proportion of people arriving to the ER could represent severe cases. Additionally, economic situations can force patients to postpone medical care.
The prospective data compilation in the BAPHE study should be considered an advantage of the study. Data were extracted especially for the project and not for other reasons. In some cases, there was a lack of criteria that did not directly affect the study and could be controlled by the quality assurance procedure. The registration system in the ER varies among participating hospitals. Therefore, misclassification can occur, but it would not affect the association between pollutants and the daily number of admissions.
Of the three AQRU surveillance stations in Beirut, pollution data for measuring air quality were collected from only one. However, the station we consistently used during the study period was the most adequate source. Wordley et al. (1997) showed a significant variation in pollutant levels between different stations, but data can be obtained from one station as a proxy for the air pollution levels required for time series studies.
Finally, similar to all eco-epidemiological studies, the BAPHE has an important limitation, which is the inability to estimate exposure precisely. Therefore, causeeffect relations were unable to be addressed.
Conclusion
Worldwide, many studies have shown adverse effects of air pollution on health. The BAPHE study is the first to attempt to study this relation in Lebanon. The main reason for conducting such studies is to redesign public health policies and reevaluate air quality standards. We provided new evidence on adverse health effects of particles in Beirut. We observed a significant effect of PM on emergency hospital admissions for diseases of the respiratory and cardiovascular systems. Our results have a similar range to those already published worldwide, suggesting that serious interventions are required to redefine Lebanese public health objectives, air quality standards, and their enforcement.
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